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Description 

Sc peofth inv ntion 

5 [0001] The present invention relates to plants having reduced susceptibility to infection with tospoviruses, genetic 
material used to generate this tolerance, probes for the isolation or diagnosis and processes for obtaining such plants 
and genetic material and probes. 

Introduction 

to 

[0002] In general, virus infections have a variety of detrimental effects on e.g. growth, morphology and yield of plants. 
Also, virus infections often result in higher susceptibility of infected plants to other plant pathogens and plant pests. 
Transmission of plant viruses occurs generally by insect or fungal vectors or mechanically. 

[0003] Plant breeders are trying continuously to develop varieties of crop plant species tolerant to or resistant to 

15 specific virus strains. Traditionally virus resistance genes are transferred from wild relatives into the commercial vari- 
eties by breeding. The transfer of an existing resistance from the gene pool of wild relatives to a cultivar is a tedious 
process in which the resistance gene(s) first have to be identified in a source (donor) plant species and the resistance 
genes have to be combined with the perfect gene pool of a commercial variety. Resistances or tolerances generated 
in this way are in many cases only active against one or a few strains of the virus in question. Also, breeding cuftivars 

20 for resistance to a particular virus species is often limited by a lack of genetic sources for this resistance within the 
crop species. Other approaches to prevent or decrease the effect of virus disease on plants are the use of chemicals 
or other methods which act against the virus vectors such as e.g. the use of insecticides, fungicides or good phytosan- 
itary working conditions. However, the use of chemcals to combat virus disease by killing the vector is subject to 
increasing stricter regulations for use imposed by governments, confronting the growers with a decreasing scala of 

25 allowed chemical plant-protectants. 

[0004] Altematively, a system called "cross-protection" can be employed. Cross-protection is a phenomenon in which 
infection of a plant with one strain of a virus protects the plant against superinfection with a second related virus strain. 
Thus, this latter method preferentially involves the use of avirulent virus strains to infect plants, to inhibit a secondary 
infection with a virulent strain of the same virus. However, the use of this natural cross-protection system has several 

30 disadvantages. The method Is very laborious because it requires inoculation of every planted crop, and carries the risk 
that due to a mutation the former avirulent strain becomes a more virulent strain, thereby creating a disease by itself. 
It is also possible that an avirulent virus strain on one plant species acts as a virulent strain on another plant species. 
[0005] T L. German et al. Phytopathology, 78, (12 part 1), 1988, 1599; is an abstract of an oral presentation and 
discloses dot blot detection of TSWV in plants (no technical teaching in abstract). 

35 [0006] Several studies indicated that the viral coat protein of the protecting virus plays an important role in the cross- 
protection and that protection occurs when the resident virus and the challenging virus have the same or a closely 
related coat protein structures. 

[0007] With the recent development of genetic manipulation and plant transfonnation systems new methods to create 
virus resistance have emerged. Genetically engineered cross-protection is a fomn of virus resistance which phenotyp- 
ically resembles the natural cross-protection, but is achieved through expression of the genetk; information of the viral 
coat protein from the genome of a genetically manipulated plant. The first successful experiments generating virus 
resistance by genetic engineering were perfonned by Beachy ef a/. (1985) and Abel ef a/. (1986). They showed that 
expression of the tobacco mosaic virus strain U1 (TMV-U1) coat protein gene from the genome of a transgenic plant 
resulted in a delay of symptom development after infection with any TMV strain. Similar results with respect to coat 
45 protein-mediated protection have been obtained for alfalfa mosaic virus (AMV), potato vims X (PVX) and cucumber 
mosaic virus (CMV). 

[0008] Also EP-A-0 223 452 addresses the general problem of making plants resistant to viral infection by inserting 
into the genome of a plant cell viral coat protein. 

[0009] Although TMV, CMV, AMV and PVX belong to different virus groups, they share a a common architecture: in 
50 alt these virions the viral RNA is a positive strand RNA encapsldated by a viral coat consisting of many Individual but 
identical viral coat proteins. 

[0010] Tospovimses are essentially different from these plant virions. The genus of tospoviruses belongs to the 
Bunyaviridae. All tospoviruses are thrips transmitted. The virus particles are spherically shaped (80t120 nm in diameter) 
and contain internal nucleocapsids sun-ounded by a lipid envelope studded with glycoprotein surface projections. The 
55 multipartite genome consists of linear single stranded RNA molecules of negative or ambisense polarity. The temriinal 
nucleotides of these RNA molecules are characterised by a consensus sequence as follows: 5' AGAG- 

CAAUX GAUUGCUCU 3', wherein X is C or U. Typical members of the tospoviruses are tomato spotted 

wilt vinjs (TSWV) and Impatiens necrotic spot virus, also known as TSWV eyetype. 
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[0011] The TSWV virion contains 4 distinct structural proteins: an internal nucleocapsid protein N of 29 kd and two 
membrane glycoproteins: of approximately 78 kd and Gg of approximately 58 kd. In addition, minor amounts of a 
large protein L of approximately 260 kd have been detected in virus particles. The genome of TSWV consists of three 
linear single stranded RNA molecules of ±2900 nt (S RNA), ±5000 nt (M RNA) and ±7500 nt (L RNA), each tightly 

5 associated with nucleocapsid proteins and a few copies of the L protein to fomri circular nucleocapsids. A schematic 
structure outlining most properties of the TSWV virion is given in figure 1 . Based on these and other properties TSWV 
has been classified as a representative of the tospovlruses group. Moreover, TSWV Is considered as the typemember 
of the tospovlruses. Only circumstantial evidence was presented that suggested that a M RNA encoded gene is directly 
or indirectly involved in the synthesis of the G^ membrane glycoprotein (Vericleij and Peters, 1983). The coding prop- 

10 erties of the other RNA molecules and the polarity of the genomic RNA were still unknown prior to this invention. 
[0012] As stated eariier, tospovlruses such as TSWV are transmitted by certain thrips species. The vectors of TSWV 
belong to the family of Tripidae and include tobacco thrips (Franklinielta fuses (Hinds.)), western flower thrips {R occi- 
denfa//s(Pergande)), common blossom thrips (F. Schuitzei (Vrybom)), chilli thrips (Scirtothhpsdorsalis(HoQ6)), Thrips 
setosus (Moulton), onion thrips (T. tabaci (Lindeman)), E intonsa and T palmL Virus is acquired by the thrips only 

15 during their larval stages. Larvae can transmit the virus before they pupate but adults more commonly transmit the 
virus. Adults can remain infective throughout their life span. 

[001 3] The current distribution of TSWV covering all the continents makes it one of the most widely distributed plant 
viruses. The virus is widespread in temperate, subtropical and tropteal climate zones throughout the worid. At least 
370 plant species representing 50 plant families, both mono- and dicotyledons, are naturally infected. The TSWV 

20 seriously affects the production of food and ornamental crops. Infections of plants with TSWV strains result generally 
in e.g. stunting, ringspots, dari< purple-brown sunken spots, stem browning, flower breaking, necrotic and pigmental 
lesions and patterns, yellows and non-necrotic mottle, mosaic in greens or even total plant death. Most hosts only 
exhibit a part of these symptoms. The wide range of symptoms produced by TSWV has complicated the diagnosis and 
led to individual diseases being given several different names. Also, TSWV symptoms within the same plant species 

25 may vary depending on the age of the plant, time of infection during the life-cycle of the plant, nutritional levels and 
environmental conditions, especially temperature. 

[0014] Although TSWV has been known for many years, is widely distributed, and causes economically important 
diseases in crops and omamentals, limited progress has been made to identify sources for TSWV resistance genes. 
A multigenicTSWV tolerance has been identified in Lycopersicon peruvianum, but this resistance has not been trans- 
30 f erred yet to cultivated tomatoes nor has a resistance source been identified for other crop species. The use of natural 
cross-protection systems to decrease the damage by severe TSWV strains is not well documented. Limited positive 
results have been reported for tomato and lettuce. 

[001 5] Therefore, the introduction of genetic information conferring resistance to tospovinjs infection into plant gene 
pools by means of genetic manipulation provides breeder and grower a new method to combat tospoviral diseases. 
35 [0016] The present invention provides recombinant DNA constructs comprising a DNA sequence under expression 
control of a promoter and a terminator functioning in plants, which DNA sequence encodes: 

(a) an RNA sequence selected from the group consisting of the following tospoviral sequences: 

40 (i) the S RNA nucleotide sequence from 1 to 2915 depicted in Figure 4; 

(ii) the S RNA nucleotide sequence from 2763 to 1987 depicted in Figure 4; or- 

(b) an RNA sequence according to (a) encoding for a tospovirus protein in which one or more codons have been 
replaced by their synonyms (i.e. codons corresponding to the same amino acid or tennination signal), or part 

45 thereof comprising at least 20 nucleotides, or an RNA sequence homologous thereto wherein a number of nucle- 

otides have been deleted and/or added but which is still capable of hybridization to a nucleotide sequence com- 
plementary to an RNA sequence according to (a) under appropriate hybridization conditions: or - 

(c) an RNA sequence complementary to an RNA sequence according to (a) or (b). 

50 [0017] The DNA sequences defined under a), b) and c) hereinabove, are, hereinafter, for convenience referred to 
as 'TSWV Related DNA Sequences". A TSWV Related DNA Sequence according to the invention may be modified, 
if desired, to create mutants or modified sequences homologous to a TSWV Related DNA Sequence from which they 
are derived using methods known to those skilled in the art such as site-directed mutagenesis. Such mutants or modified 
coding sequences are therefore within the spirit and the scope of this invention. 

55 [001 8] The temn RNA sequence of a tospovims refers to a sequence of the S RNA strand of a tospovirus as defined 
above. 

[0019] The tenm RNA sequenc homologous to an RNA sequence of a tospovirus refers to an RNA sequence of a 
tospovinjs wherein a number of nucleotides have been deleted and/or added but which is still capable of hybridization 
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to a nucleotide sequence complementary to an RNA sequence of a tospovirus under appropriate hybridization condi- 
tions. For the purpose of the invention appropriate hybridization conditions conveniently include an incubation for 16 
hours at 42®C, in a buffer system comprising 5 x standard saline citrate (SSC), 0.5% sodium dodecylsulphate (SDS), 
5 X Denhardf s solution, 50% fonnamide and 1 00 |xg/ml carrier DNA (hereinafter the buffer system), followed by washing 

5 3 times with a buffer comprising 1 x SSC and 0.1% SDS at 65**C for approximately one hour each time. 

[0020] Preferred hybridization conditions for the purpose of the invention involve incubation in the buffer system for 
16 hours at 49*C and washing 3 times with a buffer comprising 0.1 x SSC and 0.1% SDS at 55**C for approximately 
one hour each time. Most preferred hybridization conditions for the purpose of the invention involve incubation in the 
buffer system for 16 hours at 55*C and washing 3 times with a buffer comprising 0.1 x SSC and 0.1% SDS at 65**C 

10 for approximately one hour each time. 

[0021] The length of theTSWV Related DNA Sequence will i.a. depend on the particular strategy to be followed, as 
will become apparent from the description hereinafter In general, it will be desirable that the TSWV Related DNA 
Sequence comprises at least 20, suitably 50 or more nucleotides. 

[0022] The temri promoter as used herein refers to the nucleotide sequence upstream from the transcriptional start 
15 site and containing all the regulatory regions required for transcription including the region coding for the leader se- 
quence of mRNA (which leader sequence comprises the ribosomal binding site and initiates translation at the AUG 
start codon). 

[0023] Examples of promoters suitable for use in DNA constructs of the invention include viral, fungal, bacterial, 
animal and plant derived promoters functioning in plant cells. The promoter may express the DNA constitutively or 

20 differentially. Suitable examples of promoters differentially regulating DNA expression are promoters Inducible by dis- 
ease vectors, such as thrips, e.g. so-called wound inducible promoters. It will be appreciated that the promoter em- 
ployed should give rise to the expression of a TSWV Related DNA Sequence at a rate sufficient to produce the amount 
of RNA necessary to decrease the tospovirus susceptibility of the transformed plant. The necessary amount of RNA 
to be transcribed may vary with the type of plant involved. Particulariy preferred promoters include the cauliflower 

25 mosaic virus 35S (CaMV 353) promoter, derivatives thereof, and a promoter inducible after wounding by a disease 
vector such as thrips, e.g. a wound inducible promoter. 

[0024] The tenm tenminator as used herein refers to a DNA sequence at the end of a transcriptional unit that signals 
temnination of transcription. Temninators are DNA 3'-non-translated sequences that contain a polyadenylation signal, 
that causes the addition of polyadenylate sequences to the 3'-end of the primary transcript. Terminators active in plant 

30 cells are known and described in the literature. They may be isolated from for example bacteria, fungi, viruses, animals 
and plants. Examples of tenninators particularly suitable for use in the DNA constructs of the invention include the 
nopaline synthase tenninator of A. tumefaciens, the 35S temriinator of CaMV and the zein terminator from Zea mays. 
[0025] According to the terminology employed in the present specification, an RNA sequence is complementary to 
another RNA sequence if it is able to fomn a hydrogen-bonded complex with it, according to rules of base pairing under 

35 appropriate hybridization conditions (as defined hereinabove). 

[0026] The invention also provides a vector capable of introducing the DNA construct of the invention into plants and 
methods of producing such vectors. 

[0027] The temi vector employed herein refers to a vehicle by means of which DNA fragments can be incorporated 
in a host organism. 

40 [0028] The term plants is used herein in a wide sense and refers to differentiated plants as well as undifferentiated 
plant material such as protoplasts, plant cells, seeds, plantlets etc. that under appropriate conditions can develop into 
mature plants, the progeny thereof and parts thereof such as cuttings and fruits of such plants. 
[0029] The invention further provides plants comprising in their genome a DNA construct of the invention, and meth- 
ods of producing such plants. 

45 [0030] The plants according to the invention have reduced susceptibility to diseases induced by tospovi ruses and 
do not have the disadvantages and limitations of plants obtained by the classical methods as discussed hereinabove. 
[0031] Examples of plants susceptible to tospoviruses such as TSWV include but are not limited to Ageratum, alfalfa, 
Amaranthus, Anthirrhinum, Aquilegia, aubergine, beet, Begonia, broad bean, broccoli, brussels sprouts, cabbage, cau- 
liflower, celery, chicory. Chrysanthemum, Cineraria, clover, Cosmos, cowpea, cucumber, cyclamen. Dahlia, Datura, 

50 Delphinium, endive, Gertjera, Gladiolus, Gloxinia, gourd, groundnut, Hippeastrum, Impatiens, lettuce, melon, Mesem- 
bryanthemum, onion, papaya, pea. peanut, pepper, petunia, pineapple, potato, Primula. Saint Paulia, safflower. Sal- 
piglossis, snap bean, soybean, spinach, squash, sugarbeet, sunflower Tagetes, tobacco, tomato, Veri^ena, Vinca, 
watermelon, Zinnia. The invention relates in particular to these listed plants comprising In their plant genome a DNA 
construct of the invention. 

55 [0032] Since TSWV is the typemember of the tospoviruses, the particular features of tospoviruses are hereinafter 
illustrated employing TSWV as an example. 

[0033] The S, M and L RNA are singi strand d RNA molecules. Th S RNA is approximately 2,900 nucleotides 
long and comprises two genes, one encoding a non-stnjctural protein (NSs) in viral sense, the other one encoding the 
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nucleocapsid protein (N) in viral complennentary sense. The intergenic region between the NSs- and N-gene can be 
folded into a hairpin structure. The 5'- and 3'-tenninal sequences of the S RNA are capable of hybridizing to each other 
such that the first nucleotide is opposite (and complementary) to the last nucleotide of said S RNA strand. We designate 
hereinafter the double-stranded structure obtained by hybridizing both RNA termini for convenience "pan-handle". 
5 [0034] The M RNA strand has approximately 5000 nucleotides. It contains one long open reading frame In viral 
complementary sense. This open reading frame is translated on polysomes located on the endoplasmic reticulum 
where the nascent polypeptide chain is cleaved co-transiationally to fomri the spike proteins and G2 respectiveiy. 
Similar to the S RNA the termini of the M RNA strand are complementary to each other and may likewise hybridize to 
fomn a "pan-handle". 

10 [0035] The L RNA strand has approximately 7500 nucleotides and contains one open reading frame in the viral 
complementary sense. This open reading frame most probably corresponds with the gene encoding the viral tran- 
scriptase with an estimated molecular weight of approximately 260 kd. In some mutant strains shortened L RNA mol- 
ecules have been found in addition to the wild type, full-length L RNA. These shortened L RNAs however, do always 
possess the characteristic temiinal nucleotide sequences and thus are capable of fomning "pan-handle" stmctures. 

IS They are also encapsidated with nucleocapsid protein included in virus particles. Their presence supresses symptom 
development resulting in less severe detrimental effects. Hence, these shortened L RNA molecules can be regarded 
as defective interfering (Dl) RNAs, a term known to those skilled in the art. 

[0036] Another prefen-ed embodiment of the invention relates to DNA constructs of the invention coding for tran- 
scription into tospovirus-RNA sequences of an open reading frame in viral complementary sense (i.e. having negative 
20 polarity), or into corresponding RNA sequences in which one or more codons have been replaced by their synonyms, 
or into RNA sequences homologous thereto. 

[0037] Preferably the tospovirus-RNA sequences refen^ed to hereinabove have at least 20, more preferably at least 
50 nucleotides. 

[0038] Examples of DNA constructs suitable for use according to the invention include TSWV Related DNA Sequenc- 
es es coding for transcription into (reference is made to Fig. 4 for S RNA nucleotide sequences): 

i) the S RNA nucleotide sequence 1 to 2915; 

ii) the S RNA nucleotide sequence B9 to 1483; 

30 

iii) the S RNA hairpin; 

iv) the S RNA "pan-handle"; 

35 V) the S RNA nucleotide sequence 2763 to 1 987; 

vi) an RNA sequence complementary to the S RNA nucleotide sequence 1987 to 2763; 

vii) an RNA sequence complementary to the S RNA nucleotide sequence 89 to 1483; 

40 

viii) S RNA nucleotide sequence 89 to 1 483 in which one or more codons have been replaced by their synonyms; 
Ix) S RNA nucleotide sequence 2763 to 1 987 in which one or more codons have been replaced by their synonyms. 

45 x) an RNA sequence homologous to the nucleotide sequences defined under i) to vii) hereinabove; 

xi) fragments of sequences defined under i) to x) hereinabove. 

[0039] The DNA constructs of the invention may be obtained by insertion of the TSWV Related DNA Sequence in 
50 an appropriate expression vector, such that it is brought under expression control of a promoter functioning In plants 
and its transcription temninated by a temninator. 

[0040] The terni appropriate expression vector as used herein refers to a vector containing a promoter and a termi- 
nator which function in plant cells. 

[0041] The insertion of the TSWV Related DNA Sequence into an appropriate expression vector may be carried out 
55 In a manner known per se. Suitable procedures are also illustrated by the examples hereinafter 

[0042] Likewise the construction of appropriate expression vector may be earned out in a manner known per s . 
[0043] The plants according to the invention may be obtained by 
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a) inserting into the genome of a plant cell a DNA construct according to the Invention; 

b) obtaining transformed cells; and 

5 c) regenerating from the transformed cells genetically transformed plants. 

[0044] The DNA vectors of the invention may be Inserted into the plant genome of plants susceptible to TSWV 
infection. Such plant transformation may be carried out employing techniques known per se for the transfonnation of 
plants, such as the plant transformation techniques involving the Ti plasmids derived from Agrobacterium tumefaciens, 
10 A. or modifications thereof, naked DNA transfomiation or electroporation of isolated plant cells or organized 

plant stmctures, the use of micro-projectiles to deliver DNA. the use of laser systems, liposomes, or viruses or pollen 
as transfomnation vectors and the like. 

[0045] The plants of the invention may be monitored for expression of a TSWV Related DNA Sequence by methods 
known in the art, including Northern analysis, Southern analysis, PGR techniques and/or immunological techniques. 
15 The plants of the invention show decreased susceptibility to TSWV infection as demonstrated by tests whereby said 
plants are exposed to TSWV preferentially at a concentration in the range where the rate of disease symptoms corre- 
lates linearly with the TSWV concentration in the inoculum. 

[0046] Methods suitable for TSWV inoculation are known in the art; they include mechanical inoculation and, in 
particular, the use of appropriate vectors. 
20 [0047] The plants of the invention may of course also be obtained by crossing of a obtained plant according to the 
methods of the invention with another plant to produce plants having in their plant genome a DNA construct of the 
invention. 

[0048] The invention is illustrated by the following n on -I imitative examples and the attached figures. 
25 Figure 1 gives an overview of the structure of the tomato spotted wilt virus. 

Figure 2 gives a review of the cloning strategy employed for TSWV S RNA. 
Figure 3 gives a review of the cloning strategy employed for TSWV L RNA. 

30 

Figure 4 shows the sequence and genomic organization of the TSWV S RNA. The amino acid sequence of the 
non-stnjctural protein NSs (89-1483) is outlined above, that of the nucleocapsid protein N (2763-1987) under the 
corresponding RNA nucleotide sequence. 

35 Figure 5 gives the distribution of translation initiation and temnination codons for all reading frames of the S RNA 

(fig. 5A) and the L RNA (fig. 5B). Full bars indicate stop codons, half bars ATG start codons. 

Figure 6 shows the nucleotide sequence of the TSWV M RNA (fig. 6A) and the L RNA (fig. 6B) as elucidated uptill 
now. 

40 

Figure 7 gives a schematic review of the construction of a suitable expression vector (pZU-A). 

Figure 8 gives a schematic review of the construction of a suitable expression vector (pZU-B). 

45 Figure 9 gives a schematic review of the construction of a suitable plasmid (pTSWV-N) comprising the nucleocapsid 

N protein gene. 

Figure 1 0 gives a schematic review of the construction of a suitable plasmid (pTSWV-NSs) comprising the nucle- 
ocapsid NSs-protein gene. 

50 

Figure 11 gives a schematic example of the construction of a plant transfonnation vector pTSWV-NAB, a DNA 
construct according to the invention. 

Figure 12 gives a schematic example of the construction of a plant transfonnation vector pTSWV-Nmut BB, a DNA 
55 construct according to the invention. 

Figure 13 gives a schematic example of the construction of a plant transformation vector pTSWV-NSsAB, a DNA 
construct according to the invention. 
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Figure 14 gives a schematic example of the construction of a plant transformation vector pTSWV-NSsmut BB, a 
DNA construct according to the invention. 

Figure 15 shows the "pan-handle" region of TSWV S RNA. 

5 

Figure 1 6 shows the hairpin region of TSWV S RNA. 

Figure 1 7 shows a dot blot analysis of suspected plants. 

10 [0049] Suitable examples of preferred TSWV Related DNA Sequences coding for transcription into a sequence of 
the hairpin structure of S RNA or of RNA sequences homologous thereto are sequences coding for the 1583-1708 
nucleotide sequence of S RNA, for the 1709-1835 nucleotide sequence of S RNA, for the 1583-1835 nucleotide se- 
quence of the S RNA or for a sequence homologous to such sequences. 

[0050] Suitable examples of preferred TSWV Related DNA Sequences coding for transcription into a sequence of 
15 the "pan-handle" region of S RNA or of RNA sequences homologous thereto is the combination of the sequences 
coding for the 1 -70 and 2,850-291 6 nucleotide sequence of S RNA, or for sequences homologous to such sequences. 
[0051] Suitable examples of preferred TSWV Related DNA Sequences coding for transcription into a "pan-handle" 
region of L RNA or of RNA sequences homologous thereto is the combination of sequences coding for the first 80, in 
particular the first 65 nucleotides from the 5'-end of the viral L RNA and the last 80, in particular the last 65 nucleotides 
20 from the 3'-end of the viral L RNA, or for sequences homologous to such sequences or derivatives thereof. 

[0052] Other objects, features, advantages of the present invention will become apparent from the following exam- 
ples. 

[0053] References are abbreviated to the first authors name, full references are listed later. 

25 Material and methods 

[0054] All TSWV RNA derived sequences presented in here are depicted as DNA sequences for the sole purpose 
of unifomnity only. A person skilled in the art appreciates that this is done for convenience only 
[0055] Cultivars of Nicotiana tabacum and Petunia hybrida, used in plant transformation studies, are grown under 
30 standard greenhouse conditions. Axenic explant material is grown on standard MS media (Murashige and Skoog, 
1 962) containing appropriate phytohomnones and sucrose concentrations. 

[0056] E. coli bacteria are grown on rotary shakers at 37**C in standard LB-medlum. Agrobacterium tumefaciens 

strains are grown at28*'C in MinA medium supplemented with 0.1 % glucose (Ausubet ef a/., 1987). 

[0057] In all cloning procedures the E. co// strain JM83, (F", S{lac-pro), ara, rpsL, 080, d/acZM15) is used as a 

35 recipient for recombinant plasmids. 

[0058] Binary vectors are conjugated to Agrobacterium tumefaciens strain LBA 4404, a strain containing the Ti- 
plasmid v/r region, (Hoekema et at., 1983) In standard triparental matings using the E. coli HB101, containing the 
plasmid pRK201 3 as a helper strain. (FigurskI and Helinski, 1 979). Appropriate Agrobacterium tumefaciens recipients 
are selected on media containing rifampicin (50 ^ig/ml) and kanamyclne (50 jig/ml). 

40 [0059] Cloning of fragments in the vectors pUC19 (Yanish-Perron et al,, 1985), pBluescript (Stratagene), pBIN19 
(Bevan ef a/.. 1984) or derivatives, restriction enzyme analysis of DNA, transformation to E. coli recipient strains, 
isolation of plasmid DNA on small as well as large scale, nick-translation, in wTro transcription, DNA sequencing, South- 
ern blotting and DNA gel electrophoresis are performed according to standard procedures (Maniatis eta/., 1982; Au- 
subel etal., 1987). 

45 

Examples 

Example 1 : Isolation of TSWV particles and the genetic material therein 

50 [0060] Tomato spotted wilt virus strain CPNH1 , a Brazilian isolate from tomato, is maintained on tomato by grafting. 
Virus is purified from systemlcally infected Nicotiana rustics leaves, after mechanical inoculation essentially as de- 
scribed by Tas et ai (1 977). It is essential to maintain all material used in this isolation procedure at 4 'C. Twelve days 
after inoculation of 100 grams of infected leaves are harvested and ground 5 - 10 seconds at low speed setting in 5 
volumes extraction buffer (0.1 M NaH2P04, 0.01 M NagSOg, pH 7) in a Waring blender. The suspension is filtered 

55 through cheesecloth and the filtrate is centrifuged for 1 0 minutes at 1 6,000 x g. The resulting pellet is resuspended in 
three volumes resuspensionbuffer (0.01 M NaH2P04, 0.01 M Na2S03, pH 7). The pellet Is dissolved by stirring carefully 
at 4 °C. After centrifugation for 10 minutes at 12,500 x gth pellet is discarded and th supernatant is centrifuged 
again for 20 minutes at 50,000 x g. The pellet is resuspended In 0.2 volume of resuspensionbuffer (0.01 M NaHgPO^, 
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0.01 M Na2S03, pH 7) and kept on ice for 30 minutes. Antiseaim raised in rabbits against material from non-infected 
Nicotiana rustica is added to the solution, carefully stirred for 1 hour and n on -viral complexes are pelleted by 1 0 minutes 
centrif ugation at 1 6,000 x g. The cleared supernatant is loaded on a linear 5 - 40 % sucrose gradient in resuspension- 
buffer: 0.01 M NaH2P04, 0.01 M NagSOg, pH 7, and spun for 45 minutes at 95,000 x p. The opalescent band containing 

5 TSWV virions is carefully collected with a syringe and diluted 4 times with resuspenslonbuffer Washed virions are 
pelleted by centrifugation for 1 .5 hours at 21 ,000 x g and resuspended in one volume resuspenslonbuffer. Generally, 
100 grams of leaf material yields approximately 0,5 mg of TSWV virions. TSWV RNA is recovered preferentially from 
purified virus preparations by SDS-phenol extractions followed by ethanol precipitation. From 1 mg TSWV 1-5 ^g of 
RNA is extracted. The intactness of the isolated RNA molecules is analysed by electrophoresis on an agarose gel. 

10 Three distinct RNA molecules are identified with apparent sizes of 2900 nucleotides (S RNA), 5000 nucleotides (M 
RNA) and 7500 nucleotides (L RNA) respectively. 

Example 2: Sequence detenni nation of the 3'-temnini of the TSWV viral RNAs 

15 [0061] For direct RNA sequencing TSWV RNA is extracted from purified nucleocapsids essentially according to 
Verkleij et at. (19B3). Twelve days after inoculation 100 grams of infected leaves are harvested and ground 5-10 
seconds at low speed setting in four volumes TAS-E buffer (0.01 MEDTA,0.01 MNagSOg.O.I %cysteine. 0,1 MTRIS 
pH 8.0) in a Waring blender. The suspension is filtered through cheesecloth and centrifuged 10 minutes at 1 ,100 x g. 
Nucleocapsids are recovered from this supernatant by 30 minutes centrifugation at 66.000 x g. The pellet is carefully 

20 resuspended in one volume TAS-R buffer (1 % Nonidet NP-40, 0.01 M EDTA, 0.01 M NaaSOs, 0.1 % cysteine, 0,01 
M glycine, 0.01 M TRiS pH 7.9). The pellet is dissolved by stirring carefully for 30 minutes at 4 *C. The supernatant is 
cleared by a 10 minutes centrifugation at 16,000 x g. Crude nucleocapsids are collected from the cleared supernatant 
by sedimentation through a 30 % sucrose cushion for 1 hour at 105,000 x g. The nucleocapsid pellet is resuspended 
in 400 \i\ 0.01 M Na-citrate pH 6.5, layered on a 20 - 40 % sucrose (in 0.01 M Na-citrate pH 6.5) and spun for 2 hours 

25 at 280,000 x g. The three different opalescent bands, respectively L, M and S nucleocapsid, are collected separately. 
TSWV RNA is recovered preferentially from purified nucleocapsid preparations by SDS-phenol extractions followed 
by ethanol precipitation. Routinely 100 |ig of RNA are obtained from 100 grams of infected leaves. The 3'-ends of the 
separate TSWV RNAs are labeled using RNA ligase and 5'-p2p]pCp. These end-labeled RNA molecules are separated 
on a low gelling temperature agarose gel (Wieslander, 1 979). The enzymatic approach described by Clerx-Van Haaster 

30 and Bishop (1 980) and Clerx-Van Haaster et at. (1 982) is used to detemnine the 30 temninal nucleotides of the 3'- and 
5'-ends of both S and M RNA. 

[0062] Synthetic oligonucleotides complementary to the S'-temninl are synthesized using a commercially available 
system (Applied Biosystems) and used for dideoxy-sequencing with reverse transcriptase. 

35 Examples: cDNA cloning of TSWV genetic material 

[0063] Oligonucleotides complementary to the 3'-ends of the S and L RNA are used for priming first strand cDNA 
synthesis. With these primers, double stranded DNA to TSWV RNA is synthesized in principle according to Gubler 
and Hoffman (1983). Two different approaches are used to generate cDNA clones to the TSWV viral RNAs. A first 

40 series of clones is obtained by random priming of the TSWV RNA using fragmented single stranded calf thymus DNA, 
followed by first and second strand cDNA synthesis. cDNA is made blunt-ended using T4-DNA polymerase and ligated 
with T4 ligase into the Smal site of pUCI 9. A second series ot TSWV cDN A clones is obtained by priming first strand 
DNA synthesis with the oligonucleotides complementary to the 20 tenninal nucleotides at the 3'-ends of the TSWV 
RNAs. After second strand synthesis, treatment with T4 DNA polymerase to create blunt ends, phosphorylated EcoRI 

45 linkers are ligated to the ends of the cDNAs essentially according to Huynh etal. (1 985). After restriction of these cDNA 
molecules with EcoRI, the cDNA fragments are ligated in the EcoRI site of lambda gt10. cDNA clones from both series 
containing viral inserts are selected via colony hybridization, essentially according to Grunstein and Hogness (1975) 
using p2]P-|abeled, randomly primed first strand cDNA as a probe. Sets of overlapping cDNA clones are selected by 
Southem analysis followed by plasmid and/or phage walking, in order to construct restriction maps, based on cDNA 

50 derived sequences of the S (figure 2) and L RNA (figure 3). 

Example 4: Sequence determination of the TSWV S, M and L RNA 

[0064] In order to detemnine the sequence of the S RNA 4 selected cDNA clones are subcloned in M 1 3mp1 8, resulting 
55 in the plasmids pS614, pS608, pS520 and pS514, as described above (fig. 2). These clones are sequenced in both 
directions using the standard protocol of Yanish-Pen'on et at. (1985). The nucleotide sequence of th 3' -end of the S 
RNA is determined by primer extension of th synthetic oligonucleotide S1 (5'd(GAGCAATCGTGTCAATTTTG)),which 
is complementary to the 20 nucleotides of the 3'-terminus. A second synthetic oligonucleotide S3 complementary to 



8 



EP 0 426 195 B1 

the nucleotides 30 to 50 from the 5'-end of the viral S RNA is used to verify the S'-terminal sequence of the S RNA by 
prinner extension. Sequence data from the TSWV SRNA (291 6 nt) are sunnmarized in figure 4. 
[0065] Connputer simulated translation of the 6 different reading frames on the viral strand and viral complementary 
strand reveals the presence of two putative open reading frames (see figure 5A). On the viral strand an open reading 

5 frame is found starting at position 89 and tenninating at an U AA stopcodon at position 1 483 possibly encoding a protein 
of 464 amino acids with a molecular weight of 52.4 kd. This protein is most likely a non-structural protein, tentatively 
designated NSs. The other open reading frame is located on the viral complementary strand from position 2763 to 
1987, encoding a 258 amino acids long polypeptide with a molecular weight of 28.8 kd. This open reading frame 
possibly encodes the viral nucleocapsid protein N. 

10 [0066] To verify this assumption the amino add composition of the purified nucleocapsid protein is detemriined and 
compared with the deduced composition from the sequence data. Also, the putative nucleocapsid encoding N protein 
gene is inserted into pBluescript. Using T7 RNA polymerase the N protein gene is transcribed in vitro. This in vitro 
synthesized transcript is subsequently translated in an in vitro rabbit reticulocyte lysate (New England Nudear: NEN) 
system In the presence of [^S] labeled methionine (NEN). A protein with a molecular weight identical to the native 

'5 nucleocapsid protein could be precipitated from the synthesized radioactive proteins, when antibodies raised against 
purified nucleocapsid protein are used, following procedures essentially as described (Van Grinsven ef a/, 1986). This 
indicates that the N protein gene encodes the viral nucleocapsid protein. Figure 5A shows the coding capacities of the 
viral and the viral complementary strand of the S RNA indicating the NSs and N protein gene respectively, both genes 
being expressed from subgenomic mRNAs. Thus, the unique situation occurs that a plant virus RNA has an ambisense 

20 gene an-angement. Other important features of this 8 RNA sequence is the existence of complementary temninal re- 
peats capable of fonning so-called "pan-handle" stnjctures. These structures play an important role in replication and 
transcription of the viral RNA. Another putative regulatory element is the hairpin stucture in the intergenic region of the 
S RNA, which most likely contains the transcription temnination signals for both subgenomic mRNAs, encoding respec- 
tively the N and NSs-protein. 

25 [0067] The nucleotide sequence of the TSWV M and L RNA was elucidated employing the same strategies and 
methods followed to detennine the nucleotide sequence of the S RNA. Figure 3 shows the cloning strategy for the L 
RNA derived, overlapping cDNA clones. Summarized sequence data of the TSWV M and L RNA are given in figure 
6A and 6B respectively. Computer simulated translation suggests that this viral L RNA Is of negative polarity containing 
one single open reading frame which starts 34 nucleotides from the 3'-end of the viral RNA and stops at nucleotide 

30 236 from the 5'-end of the viral RNA (figure 5B). The mRNA (complementary to the viral L RNA) containing this open 
reading frame is most probably translated into the viral transcriptase. 

Example 5: Construction of an expression vector p2U-A 

35 [0068] The 35S cauliflower mosaic virus (CaM V) promoter fragment is isolated from the recombinant plasmid pZ027. 
a derivative of pUC1 9 carrying as a 444 bp Hindlll-PstI fragment the Hincll-HphI region of the 35S promoter of CaMV 
strain Cabb-S (Franck et al., 1 980). The nucleotide sequences of CaMV strains are very similar for the different strains. 
The 35S promoter fragment is exdsed from pZ027 as a 472 bp EcoRI-PstI fragment which contains: a part of the 
polylinker region, 437 bp of the non-transcribed region, the transcription initiation site and 7 bp of the non-translated 

40 leader region but not containing any 35S translational initiators. This 35S promoter fragment is ligated using T4 ligase 
into EcoRI-PstI linearized pZOOOS. This plasmid pZOOOB carries the nopaline synthase (NOS) tenninator as a 270 bp 
Pstl-Hindlll fragment. The resulting recombinant plasmid pZU-A carries the 35S promoter, a unique PstI site and the 
NOS tenninator (figure 7). The sequence of the used 35S promoter in the plant expression vector pZU-A is as follows : 

45 



1 


AAGCTTCTAG 


AGATCCGTCA 


ACATGGTGGA 


GCACGACACT 


CTCGTCTACT 


51 


CCAAGAATAT 


CAAAGATACA 


GTCTCAGAAG 


ACCAAAGGGC 


TATTGAGACT 


101 


TTTCAACAAA 


GGGTAATATC 


CGGAAACCTC 


CTCGGATTCC 


ATTGCCCAGC 


151 


TATCTGTCAC 


TTCATCAAAA 


GGACAGTAGA 


AAAGGAAGGT 


GGCACCTACA 


201 


AATGCCATCA 


TTGCGATAAA 


GGAAAGGCTA 


TCGTTCAAGA 


TGCCTCTGCC 


251 


GACAGTGGTC 


CCAAAGATGG 


ACCCCCACCC 


ACGAGGAGCA 


TCGTGGAAAA 
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301 AGAAGACGTT CCAACCACGT CTTCAAAGCA AGTGGATTGA TGTGATATCT 
351 CCACTGACGT AAGGGATGAC GCACAATCCC ACTATCCTTC GCAAGACCCT 
401 TCCTCTATAT AAGGAAGTTC ATTTCATTGG AGAGGACCCT GCAG 

[0069] The complete sequence from the used NOS temninator in the vector pZU-A is as follows: 

1 CTGCAGATCG TTCAAACATT TGGCAATAAA GTTTCTTAAG ATTGAATCCT 
51 GTTGCCGGTC TTGCGATGAT TATCATATAA TTTCTGTTGA ATTACGTTAA 
101 GCATGTAATA ATTAACATGT AATGCATGAC GTTATTTATG AGATGGGTTT 
151 TTATGATTAG AGTCCCGCAA TTATACATTT AATACGCGAT AGAAAACAAA 
2 01 ATATAGCGCG CAACCTAGGA TAAATTATCG CGCGCGGTGT CATCTATGTT 
251 ACTAGATCTC TAGAAAGCTT 

Example 6: Construction of an expression vector pZU-B 

[0070] The recombinant plasmid pZ0347 is a derivative of pBluescript carrying a 496 bp BamHI-Smal fragment 
containing a 426 bp 35S promoter fragment (Hindi fragment) of CaMV strain Cabb-S, linked to a 67 bp fragment of 
the non-translated leader region , the so-called O-region , of the tobacco mosaic virus. This results in a chimeric promoter 
with a complete transcriptional fusion between the promoter of CaMV to the untranslated leader of TMV. By using in 
vitro mutagenesis the original position of the TMV ATG startcodon is mutated to a Smal site. 
[0071] The plasmid pZOOOS carries the nopaline synthase (NOS) terminator as a 260 bp Pstl-Hindlll fragment. This 
Pstl-Hindlll fragment is excised from pZOOOS and ligated using T4 ligase into Pstl-Hindlll linearized pZ0347. The 
resulting recombinant plasmid pZU-B is another plant expression vector. The sequence of this 35S-i2 promoter as 
used in the plant expression vector pZU-B is as follows: 



1 


GGATCCGGAA 


CATGGTGGAG 


CACGACACGC 


TTGTCTACTC 


CAAAAATATC 


51 


AAAGATACAG 


TCTCAGAAGA 


CCAAAGGGCA 


ATTGAGACTT 


TTCAACAAAG 


101 


TTATTGTGAA 


GATAGTGGAA 


AAGGAAGGTG 


GCTCCTACAA 


ATGCCATCAT 


151 


TGCGATAAAG 


GAAAGGCCAT 


CGTTGAAGAT 


GCCTCTGCCG 


ACAGTGGTCC 


201 


CAAAGATGGA 


CCCCCACCCA 


CGAGGAGCAT 


CGTGGAAAAA 


GAAGACGTTC 


251 


CAACCACGTC 


TTCAAAGCAA 


GTGGATTGAT 


GTGATATCTC 


CACTGACGTA 


301 


AGGGATGACG 


CACAATCCCA 


CTATCCTTCG 


CAAGACCCTT 


CCTCTATATA 


351 


AGGAAGTTCA 


TTTCATTTGG 


AGAGGACTTT 


TTACAACAAT 


TACCAACAAC 


401 


AACAAACAAC 


AAACAACATT 


ACAATTACTA 


TTTACAATTA 


CCCGGG 



[0072] The resulting recombinant plasmid pZU-B contains the 35S Hincll-TMV CI fusion (35S-Q), unique Smal and 
PstI sites and the NOS temninator (figure 8). This expression vector is preferentially used in constructing translational 
fusions of the gene to be expressed downstream of the chimeric promoter 35S-0. 
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Example 7: Subcloning of the TSWV-N protein gene 

[0073] The TSWV-N protein coding sequence is obtained by fusion of the cDNA clones pS61 4 and pS520 (see figure 
2). The cDNA clone pS520 is subjected to EcoRI-Hlndlll double-digestion and the fragment containing the 3'-end of 

5 the TSWV-N protein gene is separated electrophoretically and purified from the gel using a DEAE membrane (NA-45, 
Schleicher and Schull) and cloned in the EcoRI-Hindlll linearized pBluescript (Stratagene) resulting in the recombinant 
plasmid pS520E/H. The 5'-end containing fragment of the TSWV-N protein is excised from pS61 4 by a EcoRI digestion. 
This fragment is separated electrophoretically and purified from the gel using a DEAE membrane (NA-45, Schleicher 
and Schull) and cloned in the EcoRI linearized pS520E/H resulting in the recombinant plasmid pTSWV-N3. The TSWV- 

10 N gene containing plasmid pTSWV-N3 is linearized by digestion with Pvull. PstI linkers 5' d{CCTGCAGG) are ligated 
with T4 ligase to the blunt ends of the linear DNA. Subsequently, the DNA is digested with PstI and the fragment 
containing the TSWV-N protein sequence is separated electrophoretically and excised from the gel. The TSWV-N 
protein gene containing fragment is ligated into a PstI linearized vector such as pBluescipt (Stratagene) to yield the 
recombinant plasmid pTSWV-N (figure 9). This addition of restriction sites facilitates the construction of further plas- 

'5 mids. (Alternatively, one may choose to add the sites in different ways such as but not limited to site-directed muta- 
genesis or by ligation of other synthetic oligonucleotide linkers. These methods are all known to a person skilled in the 
art.) 

Example 8: Subcloning of the TSWV non-structural protein gene (NSs-gene) of the TSWV S RNA 

20 

[0074] The sequence of the non-structural protein NSs is isolated from the cDNA clone pS514. The NSs-protein 
gene is located on an EcoRI fragment. After restriction of the cDNA clone pS514 with EcoRI and treatment with T4 
DNA polymerase to create blunt ends. The NSs gene containing fragment is separated electrophoretically on an aga- 
rose gel and excised from the gel. To this blunt ended fragment containing the NSs-protein gene synthetic PstI linkers 
25 (5' d(CCTGCAGG)-3') are ligated using T4 polymerase. After restriction with PstI, the NSs-protein gene containing 
fragment is ligated in an PstI linearized pBluescript to yield the recombinant plasmid pTSWV-NSs (figure 10). 

Example 9: Construction of plant transfonnation vectors containing TSWV sequences 

30 Example 9A: N-protein gene constructions in pZU-A 

[0075] In order to create a plant transfonnation vector containing the N protein gene driven by the 35S promoter and 
terminated by the NOS temriinator, the PstI fragment of pTSWV-N is isolated and inserted into PstI linearized p2U-A 
thereby creating the chimerk; gene cassette vector pTSWV-NA. The cassette containing the 35S promoter, the N- 
35 protein gene and the NOS temninator is excised from pTSWV-NA by restriction with Xbal and ligated in the unique 
Xbal site of pBIN19, a binary transfonnation vector developed by Sevan a/(1984). The resulting plasmid pTSWV- 
NAB (figure 11) is used in plant transfonnation experiments using methods well known to a person skilled in the art. 

Example 9B: N-protein constructions in pZU-B 

40 

[0076] In order to make a fusion in which the ATG start codon from the N protein gene is fused directly to the 3'-end 
of the TMV untranslated leader of the 35S-S2 promoter the startcodon of the N gene has to be mutated. Using site- 
directed mutagenesis, the sequence 5' d(ACGATCATC ATGT CT) In pTSWV-N is mutated to 5' d(ACGATAT CATGT CT), 
thereby creating an EcoRV site: 5' d(GATIATC) just proximal to the ATG startcodon of the N gene. The resulting re- 

45 combinant plasmid is called pTSWV-Nmut. The mutated N protein gene is excised from this plasmid via an EcoRV- 
Pstl digestion. This fragment Is isolated and inserted into the Smal-PstI linearized pZU-B, resulting in recombinant 
plasmid pTSWV-NmutB. The chimeric cassette containing the 35S-0 promoter, the mutated N gene and the NOS 
terminator is excised from the plasmid pTSWV-NmutB via a BamHI/Xbal digestion. The isolated chimeric gene cassette 
is then inserted into the BamHI/Xbal linearized pBIN19 to create the binary transformation vector pTSWV-NmutBB. 

50 The resulting plasmid pTSWV-NmutBB (figure 12) is used in plant transfonnation experiments using methods well 
known to a person skilled in the art 

Example 9C: NSs-protein gene constructions in pZU-A 

55 [0077] In order to create a plant transfonnation vector containing the NSs-protein gene driven by the 35S promoter 
and terminated by the NOS temninator, the PstI fragment of pTSWV-NSs is isolated and inserted into PstI linearized 
pZU-B to creat the chimeric gene cassette vector pTSWV-NsA. The cass tte containing the 35S promoter the NSs- 
protein gene and the NOS terminator is excised from pTSWV-NsA by restriction with EcoRI and Xbal and ligated into 
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EcoRI-Xbal linearized pBIN19. The resulting plasmid pTSWV-NsAB (figure 13) is used in plant transformation exper- 
iments using methods well known to a person skilled in the art. 

Example 9 D: NSs-protein gene constructions in pZU-B 

5 

[0078] In order to create a fusion in which the ATG start codon from the NSs-protein is fused directly to the 3'-end 
of the TMV leader of the 35S-0 promoter the startcodon of the NSs gene has to be mutated. Using site-directed 
mutagenesis, a procedure known to a person skilled in the art, the sequence 5' d(AACCAT AATGT CT) is mutated to 5' 
d(AACCA TATG TCT), thereby creating a Ndel site: 5' d{CAITATG) that includes the ATG startcodon of the NSs-protein 

10 gene. The resulting plasmid is called pTSWV-NSsmut. The plasmid pTSWV-NSsmut is linearized with Ndel, followed 
by a treatment with T4 DNA polymerase to create blunt ends. This linearized DNA is digested with PstI and the fragment 
containing the mutated NSs gene is isolated and inserted into Smal PstI linearized p2U-B resulting in the recombinant 
plasmid pTSWV-NsmutB. The chimeric cassette containing the 35S-Q promoter, the mutated NSs-protein gene and 
the NOS temninator is excised from the plasmid pTSWV-NsmutB via a BamHl/Xbal digestion. The isolated chimeric 

15 gene cassette is then inserted into the BamHl/Xbal linearized pBIN19 to create the binary transformation vector 
pTSWV-NsmutBB. The resulting plasmid pTSWV-NsmutBB (figure 14) is used in plant transformation experiments 
using methods well known to a person skilled in the art. 

Example 9E: 5'- and 3'-tennini "pan-handle" constructions in pZU-A and pZU-B 

20 

[0079] A DNA analysis programme is used to locate the "pan-handle" loop in the viral TSWV S RNA. The strongest 
"pan-handle" loop that is detected includes the first 70 nucleotides at the 5'-end (1 to 70) of the viral S RNA and the 
last 67 nucleotides at the 3'-end (2850 to 2916) of the viral S RNA (figure 15). The DNA sequence containing this "pan- 
handle" loop in the viral S RNA is as follows: 

25 

1 AGAGCAATTG TGTCAGAATT TTGTTCATAA TCAAACCTCA CTTAGAAAAT 
51 CACAATACTG TAATAAGAAC 

30 

and 

35 

2850 GTTCTTAATG TGATGATTTG TAAGACTGAG TGTTAAGGTA TGAACACAAA 
2900 ATTGACACGA TTGCTCT 

40 

[0080] A DNA analysis programme is used to locate the "pan-handle" loop in the viral TSWV L RNA. A strong "pan- 
handle" loop that is detected includes the first 80 nucleotides at the 5'end (1 to 80) of the viral L RNA and the last 80 
nucleotides at the 3'-end of the viral L RNA. The DNA sequence containing this "pan-handle" loop in the viral L RNA 
is as follows: 

45 

1 AGAGCAATCA GGTACAACTA AAACATATAA CCTCTCCACA GCCAGACTTT 
51 ACAAATTACA TAAGAATTCC CTCCAGTGAA 

50 

and 



55 AAAGTGGTTC CATTTTCTAT TAATTTTTGT ATTTTCTGGA TGTTCATGTT 

TGCTTAAAAT CGTTGTTACC TGATTGCTCT 



12 



EP 0 426 195 B1 

[0081] These regions are synthesized on a commercial DNA synthesizer and appropriate linker sequences are add- 
ed. Construction of the "pan-handle" vectors of S and L RNA results in respectively: pTSWV-temnS and pTSWV-termL. 
Using appropriate restriction enzyme combination these fragments are inserted between the CaMV 35S promoter and 
the NOS terminator of pZU-A or between the 35S-ii promoter and the NOS terminator of pZU-B yielding the chimeric 

5 cassettes: pTSWV-temnSA, pTSWV-tenmLA, pTSWV-temnSB and pTSWV-termLB. These cassettes are then trans- 
ferred Into the binary transformation vector pBIN1 9 using appropriate enzyme combinations yielding the following plas- 
mlds: pTSWV-tennSAB, pTSWV-termLAB. pTSWV-termSBB and pTSWV-temnLBB. Alternatively it is possible to de- 
sign "pan-handle" constucts including the 3'- and 5'-end tenmini that are larger as Indicated above, or separated by 
any other DNA sequence in order to enhance the stability of the transcripts produced from these recombinant genes 

10 in plants. All "pan-handle" constructs resemble shortened tospovirus RNA, respectively TSWV RNA molecules and 
therefore can be regarded as defective Interfering RNAs. 

Example 9F: Construction containing TSWV S RNA hairpin region In pZU-A and p2U-B. 

15 [0082] A DNA analysis programme is used to locate the hairpin loop In the viral TSWV S RNA. The strongest hairpin 
loop that is detected starts at nucleotide 1 592 and ends at nucleotide 1 834 (figure 1 6). The sequence containing this 
hairpin loop Is as follows: 



20 



1 


TAGTAGAAAC 


CATAAAAACA 


AAAAATAAAA 


ATGAAAATAA 


AATTAAAATA 


51 


AAATAAAATC 


AAAAAATGAA 


ATAAAAACAA 


CAAAAAATTA 


AAAAACGAAA 


101 


AACCAAAAAG 


ACCCGAAAGG 


GACCAATTTG 


GCCAAATTTG 


GGTTTTGTTT 


151 


TTGTTTTTTG 


TTTTTTGTTT 


TTTATTTTTT 


ATTTTATTTT 


TATTTTATTT 


201 


TATTTTTATT 


TTATTTTTAT 


TTTATTTATT 


TTTTGTTTTC 


GTTGTTTTTG 


251 


TTA 











30 

[0083] A HIndlH fragment of 526 bp carrying the hairpin region is Isolated from pS514. This fragment is excised from 
a agarose gel and subsequently treated with T4 polymerase to create blunt ends. In the following step PstI linkers are 
iigated to these blunt ends. After digestion with PstI the fragment is cloned In PstI linearized pZU-A, resulting In the 
recombinant plasmid pTSWV-HpSA. The plasmid pTSWV-HpSA is digested with Hindlll and the fragment containing 
35 the chimeric gene is excised from an agarose gel and Iigated into Hindlll linearized pBIN1 9, resulting in the transfor- 
mation vector pTSWV-HpSAB. 

[0084] Altematlvely, the Hindlll fragment of pS514 is treated with T4 DNA polymerase to create blunt ends and Is 
subsequently cloned In the Smal site of the expression vector pZU-B, resulting in the recombinant plasmid pTSWV- 
HpSB. The plasmid pTSWV-HpSB Is digested with Hindlll and the fragment containing the chimeric gene is excised 
40 from an agarose gel and Iigated into Xbal linearized pBIN19, resulting in the transformation vector pTSWV-HpSBB. 
[0085] (It is clear to a person skilled in the art that also other fragments can be isolated from the cDNA clones of the 
TSWV S RNA containing the hairpin region as described above without interference with the function. Also, a fragment 
containing the hairpin region may be synthesized using a DNA-synthesizer.) 

45 Example 10: Transfonnation of binary vectors to plant material 

[0086] Methods to transfer binary vectors to plant material are well established and known to a person skilled in the 
art. Variations in procedures exist due to for Instance differences in used Agrobacterium strains, different sources of 
explant material, differences in regeneration systems depending on as well the cultivar as the plant species used. 

50 [0087] The binar/ plant transfonnation vectors as described above are used in plant transfomnation experiments 
according to the following procedures. The constructed binary vector is transferred by tri-parental mating to an acceptor 
Agrobacterium tumefaciens s\ra\n, followed by southern analysis of the ex-conjugants for verification of proper transfer 
of the construct to the acceptor strain, Inoculation and cocuttlvation of axenic explant material with the Agrobacterium 
tumefaciens stram of choice, selective killing of the Agrobacterium tumefaciens siram used with appropriate antibiotics, 

55 selection of transformed cells by growing on selective media containing kanamycine, transfer of tissue to shoot-Inducing 
media, transfer of selected shoots to root inducing media, transfer of plantiets to soil, assaying for intactness of the 
construct by southern analyses of isolated total DNA from the transgenic plant, assaying for proper function of the 
inserted chimerc gene by northern analysis and/or enzyme assays and western blot analysis of proteins. 
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Example 11: Expression of TSWV RNA sequences in plant cells 

[0088] RNA is extracted from leaves of regenerated plants using the following protocol. Grind 200 mg leafmaterial 
to a fine powder in liquid nitrogen. Add 800 \i\ RNA extraction buffer (1 00 mM Tris-HCI (pH 8,0), 500 mM NaCI, 2 mM 

5 EDTA, 200 mM 3-Mercapto-ethanol, 0,4% SDS) and extract the homogenate with phenol, collect the nucleic acids by 
alcohol precipitation. Resuspend the nucleic acids in 0,5 ml 10 mM Tris-HCI (pH 8,0), 1 mM EDTA, add LiCI to a final 
concentration of 2 M, leave on ice for maximal 4 hours and collect the RNA by centrifugation. Resuspend In 400 [i\ 1 0 
mM Tris-^4CI (pH 8,0), 1 mM EDTA and precipitate with alcohol, finally resuspend in 50 |j.l 1 0 mM Tris-HCI (pH 8,0), 1 
mM EDTA. RNAs are separated on glyoxal/agarose gels and blotted to Genescreen as described by van Grinsven et 

10 ai (1 986). TSWV viral RNA is detected using DNA or RNA probes labeled with [^^P], ^S] or by using non- radioactive 
labeling techniques. Based on these northern analysis, it is determined to what extent the regenerated plants express 
the chimeric TSWV genes. 

[0089] Plants transfomned with chimeric constructs containing a TSWV protein gene are also subjected to western 
blot analysis. Proteins are extracted from leaves of transfomned plants by grinding in sample buffer according to Laemmli 
15 (1970). A 50 ng portion of protein is subjected to electrophoresis in a 12,5 % SDS-polyacrylamide gel essentially as 
described by Laemmli (1970). Separated proteins are transferred to nitrocellulose electrophoretically as described by 
Towbin ef a/. (1979). Transferred proteins are reacted with antiserum raised against purified TSWV nucleocapsids 
according to Towbin etai (1 979). Based on the results of the western analysis, rt is determined that transfomned plants 
do contain TSWV proteins encoded by the inserted chimeric genes. 

20 

Example 12: Resistance of plants against TSWV infections 

[0090] Transfomned plants are grown in the greenhouse under standard quarantine conditions in order to prevent 
any infections by pathogens. The transformants are self -pollinated and the seeds harvested. Progeny plants are an- 
25 alyzed for segregation of the inserted gene and subsequently infected with TSWV by mechanical inoculation. Tissue 
from plants systemically infected with TSWV is ground in 5 volumes of ice-cold inoculation buffer (10 mM phosphate 
buffer supplemented with 1% Na2S03) and rubbed in the presence of carborundum powder on the first two fully ex- 
tended leafs of approximately 5 weeks old seedlings. Inoculated plants are monitored forsymptom development during 
3 weeks after inoculation. 

30 [0091] Plants containing TSWV Related DNA Sequences show reduced susceptibility to TSWV infection as exam- 
plified by a delay in symptom development, whereas untransfomned control plants show severe systemic TSWV symp- 
toms within 7 days after inoculation. 

Example 13: Use of synthetic oligonucleotides for diagnostic purposes 

35 

[0092] RNA is extracted from leaves of suspected plants using the following protocol: grind 1 gram of leaf material, 
preferentially showing disease symptoms, in 3 ml 1 00 mM Tris-HCI, 50 mM EDTA, 1 .5 M NaCI and 2% CTAB (pH 8.0). 
After grinding, 1 ml of the homogenate is subjected to chlorofomn extraction and incubated at 65 ''C for 10 minutes. 
The inorganic phase is then collected and extracted with phenol/chlorofomn (1:1), followed by a last extraction with 

40 chloroform. The ribonucleic acids are isolated from the inorganic phase, containing the total nucleic acids, by adding 
LiCI to a final concentration of 2 M. The preparation is incubated at 4**C for 1 hour, after whfch the ribonucleic acids 
are collected by centrifugation. The ribonucleic acid pellet is resuspended in 25 p.! 10 mM Tris-HCI, 1 mM EDTA (pH 
8.0). The ribonucleic acids are recovered by standard alcohol precipitation. The ribonucleic acid pellet is resuspended 
in 25 ^1 10 mM Tris-HCI. 1 mM EDTA (pH 8.0). 

45 [0093] 1 ^il of the purified ribonucleic acids is spotted on a nylon blotting membrane (e.g. Hybond-N, Amersham UK). 
The presence of TSWV in the plant is detected by standard hybridization, using any part or parts of the sequence 
isolated from virions or preferentially by designing synthetic oligomers on the basis of disclosed sequence information 
as a probe. (Altematively, in vitro transcripts of regions of the TSWV genome are used to detect TSWV Related RNA 
Sequences in diseased plants.) A diseased plant is diagnosed by the occurrence of hybridization at the dot containing 

50 RNA material from the diseased plant. 

[0094] Using procedures as described herein RNA is isolated from 12 pepper plants (AI - D3) suspected to be virus 
infected selected from a field. Similarty, RNA is extracted from 3 TSWV inoculated tobacco plants (El - E3) and from 
3 non-inoculated tobacco plants (F1 - F3). From each plant an RNA sample of 1 \i\ is spotted onto a Hybond membrane. 
This filter is hybridized under standard conditions with an in vitro transcript synthesized from the cDNA clone pS614 

55 using T3 polymerase. and a-[22p]UTP as an radioactive label. Control non-infected plants (F1 - F3) do not show a 
signal, control TSWV infected plants (El - E3) do show a strong signal, whereas suspected pepper plants all show 
signals ranging in Intensity from w ak to strong (see figure 17). 
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Claims 

1 . Recombinant DNA constructs comprising a DNA sequence under expression control of a promoter and atemninator 
50 functioning in plants, which DNA sequence encodes: 

(a) an RNA sequence selected from the group consisting of the following tospoviral sequences: 

(i) the S RNA nucleotide sequence from 1 to 2915 depicted in Figure 4; 
55 (jj) the S RNA nucleotide sequence from 2763 to 1 987 depicted in Figure 4; or 

(b) an RNA sequence according to (a) encoding for a tospovirus protein In which on or more codons have 
been replaced by their synonyms (i.e. codons corresponding to the same amino acid or termination signal), 
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or part thereof comprising at least 20 nucleotides, or an RNA sequence honnologous thereto and comprising 
at least 20 nucleotides wherein a number of nucleotides have been deleted and/or added but which is still 
capable of hybridization to a nucleotide sequence complementary to an RNA sequence according to (a) under 
appropriate hybridization conditions including Incubation for 16 hours at 42''C, in a buffer system comprising 
5 5x standard saline citrate, 0.5% sodium dodecylsulfate, 5x Denhardt's solution, 50% fonnamide and IOOp.9/ 

ml carrier DNA, followed by washing 3 times with a buffer comprising 1x SSC and 0.1% SDS at 65°C for 
approximately 1 hour each time; or 

(c) an RNA sequence complementary to an RNA sequence according to (a) or (b). 

10 2. The DNA construct of claims 1 , wherein the promoter is a viral, fungal, bacterial, animal or plant derived promoter 
functioning in plant cells. 

3. The DNA construct of any one of the preceding claims, wherein the temriinator is a viral, fungal, bacterial, animal 
or plant derived temriinator functioning in plant cells. 

15 

4. A process of preparing a differentiated plant or undifferentiated plant material comprising in its genome a DNA 
construct according to any one of claims 1 to 3 which comprises: 

a) inserting into the genome of a plant cell a DNA construct of claim 1 , 
20 b) obtaining transformed cells, 

c) regeneration of genetically transfomned plants from the transfomned cells. 

5. A differentiated plant or undifferentiated plant material comprising in its genome a DNA construct according to 
claims 1-3. 

25 

6. Undifferentiated plant material according to claim 5 selected from the group consisting of protoplasts, plant cells, 
seeds and plantlets that under appropriate conditions can develop into mature plants, the progeny thereof and 
parts thereof. 

30 

Patentanspruche 

1. Rekombinante DNA Konstrukte, die eine DNA Sequenz unter einer Expressionskontrolle eines Promotors und 
eines Terminators enthatten, die in Pflanzen funktionsfahig sind, wobei die DNA Sequenz folgendes kodiert: 

35 

(a) eine RNA Sequenz, ausgewahit aus der Gruppe, die besteht aus den folgenden tospoviralen Sequenzen 

(i) S RNA Nukleotidsequenz von 1 bis 2915, die in Figur 4 gezeigt ist, 

(li) S RNA Nuleotldsequenz von 2763 bis 1987, die in Figur 4 gezeigt ist, Oder 

40 

(b) eine RNA Sequenz gemaO (a), die kodiert fiir ein Tospovirusprotein, worin ein oder mehnere Kodons durch 
ihre Synonyme ersetzt wurden (das heifBt Kodons, die derselben Aminosaure Oder dem Terminationssignal 
entsprechen) oder ein Tell hiervon, der zumindest 20 Nukleotide umfal5t. Oder eine RNA Sequenz, die hierzu 
homolog ist und zumindest 20 Nukleotide umfafBt, worin mehrere Nukleotide delettert und/oder hinzugefugt 

45 wurden, die aber immer noch zur Hybridisierung mit einer Nukleotidsequenz, die zu einer RNA Sequenz gemaB 

(a) komplementar ist unter geeigneten Hybridisierungsbedingungen fShig ist, einschlieBlich einer Inkubation 
fiir 16 Stunden bei 42*C in einem Puffersystem, das aus 5x Standardkochsalzcitrat, 0,5 % Natriumdodecyl- 
sulfat, 5x Denhardf s Losung, 50 % Formamid und 1 00 tig/ml Trager DNA besteht, gefolgt von einem drelma- 
ligen Waschen mit einem Puffer, der aus 1x SSC und 0,1 % SDS besteht, bei 65*C fiir jeweils etwa 1 Stunde, 

50 Oder 

(c) eine RNA Sequenz, die zu einer RNA Sequenz gemaB (a) oder (b) komplementar ist. 

2. DNA Konstrukt nach Anspruch 1 , worin der Promoter ein in Pflanzenzellen funktionsfShiger Promoter aus einem 
Virus, einem Pilz, einem Bakterium, einem Tier oder einer Pflanze ist. 

55 

3. DNA Konstrukt nach einem der vorangehenden Anspruche, worin der Terminator ein in Pflanzenzellen funktions- 
fShiger Temninator aus einem Vims, einem Pilz, einem Bakterium, einem Tier oder einer Pflanze 1st. 
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4, Verfahren zur Herstellung einer differenzierten Pflanze oder eines undifferenzierten Pflanzenmaterials, das im 
Genom ein DNA Konstrukt nach einem der Anspruche 1 bis 4 enthaft, das umfa3t: 

a) Insertion eines DNA Konstrukts nach Anspruch 1 in das Genom einer Pflanzenzelle, 

b) Erhalten von transfomnierten Zellen, 

c) Regeneration von genetisch transfonnierten Pflanzen aus den transfonnierten Zellen. 

5, Differenzierte Pflanze oder undifferenziertes Pflanzenmaterial, das im Genom ein DNA Konstrukt nach den An- 
spruchen 1-3 enthalt. 

6, Undifferentiertes Pflanzenmaterial nach Anspruch 5, ausgewShft aus der Gruppe, die besteht aus Protoplasten, 
Pflanzenzellen, Samen und Pflanzchen, die sich unter geeigneten Bedingungen zu reifen Pflanzen entwickein 
konnen, die Nachkommen hiervon und Telle hiervon. 



Revendications 

1. Produits de construction d'ADN recombinant, comprenant une sequence d'ADN sous contr6le d'expression d'un 
promoteur et d'un terminateur fonctionnant chez des plantes, laquelle sequence d'ADN code pour : 

(a) une sequence d'ARN choisie dans I'ensemble constitue par les sequences tospovlrales suivantes : 

(I) la sequence nucleotldique d'ARN S de 1 a 2915 representee sur la figure 4 ; 

(II) la sequence nucleotldique d'ARN S de 2763 a 1987 representee sur la figure 4 ; ou 

(b) une sequence d'ARN selon (a) codant pour une prot6ine de tospovirus, dans laquelle un ou plusieurs 
codons ont 6t6 remplaces par leurs synonymes (c'est-^-dire des codons correspondant au meme aminoacide 
ou signal de temninaison), ou une partie de celle-cl comprenant au moins 20 nucleotides, ou une sequence 
d'ARN homologue de celle-ci et comprenant au moins 20 nucleotides, dans laquelle un certain nombre de 
nucleotides ont ete supprim6s et/ou ajoutes mais qui est encore capable d'hybridation avec une sequence 
nucleotidique complementaire d'une sequence d'ARN selon (a) dans des conditions d'hybridation appropriees 
comprenant une incubation pendant 16 heures a 42**C; dans un systeme tampon comprenant une solution 
standard de chlorure de sodium au citrate (SSC) 5x, 0,5 % de dod6cylsulfate de sodium, solution de Denhardt 
5x, 50 % de formamide et 100 ^ig/ml d'ADN vecteur, suivie d'un lavage a trois reprises avec un tampon com- 
prenant SSG 1x et 0,1 % de SDS h 65^*0 pendant environ 1 heure chaque fois ; ou 

(c) une sequence d'ARN complementaire d'une sequence d'ARN selon (a) ou (b). 

2. Produit de construction d'ADN de la revendication 1 , dans lequel le promoteur est un promoteur viral, fongique, 
bacterien ou issu d'un animal ou d'une plante. fonctionnant dans des cellules vegetales. 

3. Produit de construction d'ADN de Tune quefconque des revendications pr^cedentes, dans lequel le temninateur 
est un terminateur viral, fongique, bacterien ou issu d'un animal ou d'une plante, fonctionnant dans des cellules 
vegetales. 

4. Procede de production d'une plante diff6renciee ou d'un materiel vegetal non differencie, comprenant dans son 
genome un produit de construction d'ADN selon Tune quelconque des revendications 1 k 4, qui comprend : 

a) rinsertion d'un produit de construction d'ADN de la revendication 1 dans le genome d'une cellule v6getale, 

b) I'obtention de cellules transformees, 

c) la regeneration de plantes g6n6tiquement modifiees 6 partir des cellules transformees. 

5. Plante diff6renciee ou materiel vegetal non differencie, comprenant dans son genome un produit de construction 
d'ADN selon les revendications 1 a 3. 

6. Materiel vegetal non differencie selon la revendication 5, choisi dans I'ensemble constitue par des protoplastes, 
des cellules vegetales, des graines et des plantules. gui, dans des conditions appropriees. peuvent se developper 
en plantes matures, descendance d'un tel materiel et parties de c lui-cl. 



17 



EP 0 426 195 B1 



THE STRUCTURE OF 
TOMATO SPOTTED WILT VIRUS 



RNA 




LIPID MEMBRANE 



PROTEIN 




oooTf— 



/ 



n KD 



260 




Figure 1 



18 



EP 0 426 195 B1 



0 

I 

5' 



0.5 
i_ 



1.0 1.5 2.0 2.5 



Bg H 

_I L 



H 



H 



kbp 



E 

_L 



3' 



SI 
614 
608 
520 
514 

S3 



Figure 2 



19 



EP 0 426 195 B1 



0 1 2 3 4 5 6 7kb 
I 1 , 1 1 \ 1 1 



ES9 H HES t P £ S9 X HS S 5 Hp H H 9q E Si X S 3 

1 1 r HI Mil I ILU I I U I I — I \ L 



— — pt569 
— — — PL662 
— pL280 
PL303 
PL806 
pL323 
PL15 
pU44 
pL266 
pL299 
pL70 
12 

Used abbreviations: 

E EcoRI 

8g Bglll 

H Hindlll 

S SphI 

P PstI 



X Xbal 

Ss Sstl 

K Kpnl 

Hp Hpai 



Figure 3 



20 



EP 0 426 195 B1 



1 AGA GCA AUU GUG UCA GAA UUU UGU OCA UAA OCA AAC CUC ACU UAG AAA AUG ACA AUA CUG 

met ser ser ser val tyr glu aer ile lie gin 
61 UAA UAA GAA CAC AGU ACC AAO AAC CAU AAU GUC UDC AAG DGU UUA UGA CUC GAU CAU UCA 

thr arg ala ser val trp gly ser thr ala ser gly lys ala val val asp ser tyr trp 
121 GAC AAG AGC UUC AGO CUG GGG AUC AAC UGC AUC UGG UAA AGC UGU UGU AGA OUC UUA CUG 

ile his glu leu gly thr gly ser gin leu val gin the gin leu tyr ser asp ser arg 
lei GAO OCA OGA ACU UGG UAC UGG UUC UCA ACU AGU UCA GAC CCA GCU GUA UUC UGA UUC AAG 

ser lys val val leu trp leu tyr cys lys val gly ile phe pro val lys lys lys arg 
24 1 AAG CAA AGU AGU CCU UUG GCU AUA CUG CAA AGU AGO GAU CUO CCC UGU GAA GAA GAA GAG 

phe leu ser gin his val tyr ile pro ile phe asp asp ile asp phe ser ile asn ile 
3C1 AUU UCU UUC UCA GCA UGU GUA UAU CCC UAU UUU UGA OGA UAU UGA UUU UAG CAU CAA UAU 

asp asn ser val leu ala leu ser val cys ser asn thr val asn ala asn gly val lys 
361 UGA UAA C'JC UGU UCU GGC ACU AUC UGU UUG CUC AAA UAC AGU CAA UGC UAA CGG AGU GAA 

his gin gly his leu lys val leu ser pro ala gin leu his ser lie glu ser ile met 
421 ACA UCA AGG UCA UUU GAA GGU UUU GUC UCC UGC CCA GCU CCA CUC UAU UGA AUC UAU CAU 

asn arg ser asp ile thr asp arg phe gin leu gin glu lys asp lie ile pro asn asp 
4 81 GAA CAG AUC UGA UAU UAC AGA CCG AUU CCA GCU CCA AGA AAA AGA CAU AAU UCC CAA UGA 

lys tyr lie glu ala ala asn lys gly ser leu ser cys val lys glu his thr tyr lys 
541 CAA AUA CAU UGA AGC UGC AAA CAA AGG CUC UUU GUC UUG UGU CAA AGA GCA UAC CDA UAA 

ile glu met cys tyr asn gin ala leu gly lys val asn val leu ser pro asn arg asn 
601 GAU CGA GAU GUG COA UAA UCA GGC UUU AGG CAA AGU GAA UGU UCU AUC UCC UAA CAG AAA 

val his glu trp leu tyr ser phe lys pro asn phe asn gin val glu ser asn asn arg 
sei UGU CCA UGA AUG GCU GUA CAG UUU CAA GCC AAA UUU CAA UCA AGU UGA AAG CAA CAA CAG 

thr val asn ser leu ala val lys ser leu leu met ser ala glu asn asn ile met pro 
721 AAC UGU AAA UUC UCU UGC AGO GAA AUC UCU GCU CAU GUC AGC AGA AAA CAA CAU CAU GCC 

asn ser gin ala ser thr asp ser his phe lys leu ser leu trp leu arg val pro lys 
781 UAA CUC UCA AGC UUC CAC OGA UUC UCA UUU CAA GCU GAG CCD COG GCU AAG GGU UCC AAA 

val leu lys gin val ser lie gin lys leu phe lys val ala gly asp glu thr asn lys 
841 GGU UUU GAA GCA GGU UUC CAU UCA GAA AUU GUU CAA GGU UGC AGG AGA UGA AAC AAA CAA 

thr phe tyr leu ser ile ala cys lie pro asn his asn ser val glu thr ala leu asn 
901 AAC AUO UUA UUU AUC UAO UGC CUG CAU UCC AAA CCA UAA CAG UGU UGA GAC AGC UUU AAA 

lie thr val lie cys lys his gin leu pro ile arg lys cys lys ala pro phe glu leu 
961 CAU UAC UGU UAU UUG CAA GCA UCA CCO CCC AAO UCG CAA AUC CAA AGC UCC UUU UGA AUU 

ser met met phe ser asp leu lya glu pro tyr asn ile val his asp pro ser tyr pro 
1021 AUC AAU GAO GUU UUC UGA UUU AAA GGA GCC UUA CAA CAU UGU UCA UCA CCC UUC AUA CCC 

lys gly aer val pro met leu trp leu glu thr his thr ser leu his lys phe phe ala 
1081 CAA AGG AUC GGU UCC AAU GCU CUG GCU CGA AAC UCA CAC AUC UUU GCA CAA GUU CUU UGC 

thr asn leu gin glu asp val ile lie tyr thr leu asn asn leu glu leu thr pro gly 
1141 AAC UAA CUU GCA AGA AGA UGU AAU CAU CUA CAC UUU GAA CAA CCU UGA GCU AAC UCC UGG 

lys leu asp leu gly glu arg thr leu asn tyr ser glu aap ala tyr lya arg lys tyr 
1201 AAA GUU AGA UUU AGG UGA AAG AAC CUU GAA UUA CAC UGA AGA UGC CUA CAA AAG GAA AUA 

phe leu ser lys thr leu glu cya leu pro ser asn thr gin thr met ser tyr leu asp 
1261 UUU CCU OUC AAA AAC ACU UGA AUG UCU UCC AUC UAA CAC ACA AAC UAU GUC UUA CUU AGA 

ser ile gin lie pro ser trp lya ile asp phe ala arg gly glu lie lys lie ser pro 
1321 CAG CAU CCA AAU CCC UUC AUG GAA GAO ACA CUO UGC CAG AGG AGA AAO UAA AAO UUC UCC 

Figure 4 
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1 AGAGCAAUC 

CAUAGA UCAUCAAAUA 

UGCUAAAUGC CUGCAAUAGA GAGGAAUAAU 
ACUCUACUUC UGAUGAAGAA GCAUAACUCU 
UGAAAUGAGC UUCAAUGCUU COAAACAACA 
UCAGCAUUUU AUCAACCUCU CCACUGGCUA 
CGAUCCAUCU AGUUUGGAAA UCACAGUUUU 
UCAUUGCACG AGAGUGAUAA ACGGAAGACA 
UGCUAACAGG GUACJGUGUUCJ GUCGUCGAGC 
UUUGCCCAAA AGUUUCUUGA GCUUtJUCUUA 
CCUUCUUCAA UUUAACAUAC AUUAGAAUCU 



ACUUAUAUGC GAAGAUUCUG UGCAACAGUU 
CGCUCCAUUU ACUAAUUCUU UCAGAUAUAA 
UUUUUGGGUU CAAAGUUAUG CAAAAACUUU 
UUUCUGGCAG AGAUGAGCUU GAAAAGUCUG 
UUAAUGAUGU UGCAUUAUCA UCAGAGUGCA 
UGUAACAUUC CAAAGUCUUG UGAUAAGCUU 
GAUAAUUUAA AUUGCCUUGC AACCAAUUCA 
CUUCJGGUCGA AAGCTCCUAUG GCAGUUUCAU 
GAUUCAAAAA AAUAUCUGUU GGUAUACAAA 
UGAUGUAUUG AUUGCUCU (app. ai5000) 
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1 AGAGCAAUCA GGUACAACUA AAACAUACJAA 
61 UAAGAAUUCC CUCCAGUGAA ACUAC-ACCGG 
121 GUUCACCAAA mjGUUUUAGG CUAAGUAGAU 
181 AUAUUCUAAG UUAUAUCUAA UCUGUUAUUC 
241 UCUGUGUCUU C'JUCUUCAUC AAGCUCAUCU 
301 UAACUAAGCA AGAAAUUGUC UUCAUCUGUU 
361 CUCAAAAUAA UCUCCJCUUGU UUGCAUGAUA 
421 CCAOACAAUG UUUUUUCUGA UAAACAUAGU 
481 CJUAUAGACCU CUAGUUUUUU AGUUCGCGAU 
541 UUAACUCUUC CAGACAAGAA AUGUUCCUUG 
601 UCUAAGCUGQ CAGCUAUCUC AUUUAAAGGA 
661 OTUGCAUAAA CUUUGAGUGC AGGUACACUG 
721 AAUAUGUCUG GUCUAAAACU GUUCCGUAAC 
781 AUUCCUCCAA UCAAGAACUU UAUCAACUCA 
841 AACCCUUUCU UVUVCCUUUV AAUUUUCAUU 
901 CJCAUCUAGCC UCAACACAUU AAAACUGGCA 
961 AUUUUUAGAU UCUCUCCAGA UAUAACAAAC 
1021 UCUGAUAAUU tTUAOTUCUGG UAAAACCAGC 
1081 UUGUUUUGCA AGUCCAGAUC AUGAUCCAAa 
1141 CUGCUAAGAA CAOUCCUUAA ACUUGCUAAG 
1201 aCACAAGCUU UAAUCAAUUG GAUCAUUCOT 
1261 UUUUUUGCCA UUAGCUCAAC AGCAUGCAUU 
1321 GCAUCAUUUA UUAGAGAAUA UUUAAGCAUG 
1381 CUAGUAOACU GVUaUGCUXJU GUCAACAAUC 
14 41 AAGC7UGUCAU GUGUUCUUAG CAAGUWUCG 
1501 UCAUCAAGAU AGCUAUCAUA UUCUUCCACA 
1561 GUAUCCCGGA UGUUCAOTAA GAAUUCAUCC 
1621 UCUUUGAOCU GCUGUGAaAA GUUUCCAAAG 
1681 CUGTOUUUUA UGGUUUUGAU UGUUUCAGUU 
1741 AAAAAUUCCC CUACUUCAGG GAGCCUUAAG 
1801 CAUACAUCGG AAUUCACAUU UUCAUAUUUU 
1861 CUUAUUUGUC UUGAUGUAGC AUUAACCUUU 
1921 AUGCAAGAUC UCCUGGUUCU AAGAAAACAA 
1981 tAJAUCAAACA UAAUUUCUGC CAAUAAUUUC 
2041 UACUCUCUUU CAUUCAAUAU CUCAAAUGGU 
2101 GAUGCUAUCA AUUCCACAUA GCAGCUUCUU 
2161 GAGACAUAAU UUCCUGATOC AUCUUGUUCU 
2221 CUAAUAUACC UGAUAACAAA AUCUAAUGW 
2281 CAGACAAUUU GUUUCUGGAU UGUGUUCAAU 
2341 ACUGUGAAGC CACUUGCUGU UGAAUUGUUA 
2401 CAUAUAGGUU UACUGUCAAG GCAAACAUUU 
24 61 AUUGUUGGGA AAAGUGACUG CAAUUUAUCU 
2521 UCUAAGUDCA UAUCUUGCUG AGCACUUACC 
2581 CUAGCUGUAG AAACAAAAUG AUAGGAUUCU 
2641 AAUGUGUUUG AGAUAAACCC UCUCCCUAGA 
2701 CUAGUAAAGC AUGUGUUAAU UGCUAAAAGC 
27 61 GCUUUCACCA AUCUUUGACA UUCAUUAGAA 
2821 UUGCCAUUAA CUAGGGAUUU UACAUCUUCC 
2881 AAAACAUUAA UACUAUCGUC UGUUAGAGGG 
2941 UUUGAUCCAU AGACAGCAUG CAUUACUACU 
3001 CAUCUCUCAG UCUGAAACCA CCUGAAAUUG 
3061 UAUGCAGAAU CUAAUAUUGG AAUCAGCAUG 
3121 ACACAUGUUU UAAAUGAACA AUAUGAAUCU 
3181 UUUUCCAUGU UUUCUUCAUA AGUCAUCXAJC 
3241 GCUUUUGACC UUAACACUCU AUCUAAAGCA 
3301 UUUCUUUUAG AAGGGCUUGU GUACAUGAAC 
3361 AAUGGUGCUA UCAGAAUUGU UUCAGGAUUU 



CCUCUCCACA GCCAGACXJUU ACAAAUUACA 60 
GACUCUACAU UUAUAUACAC UAUAGAUUUG 120 
CUAAUCUAAU UCUAAAAUAG CAAUAAAUUU 180 
AUGGAUUGUU AGUCAUUACU UUCAAUUUAA 240 
UCAUCAAAGG CAUCUUCUUC CCCUCUUAGA 300 
UCAACAACCU CGUCCAACUC ACOUAUUUUA 360 
UAAUCAUUGA UAUCAGAGUA GGCTACTAUCUU 420 
GGGUGCCUAG CAAGGAAAUU UGCGACJAUCC 480 
UGUUCAUCUC UUAAUUGUAU CAAAGCUUUU 540 
GACCUGCUUU UUGUCAGUUU UAGAUAACCU 600 
CAAUUGACAU UCUUACJAUUC CAUAUAAACA €60 
GAACUUAAUC UUCCCAAUCU GUCAGUUGAA 720 
AAUGUCUCUA UAUCAAAGCU GGUUCCCUUU 780 
CUUAGUAGAA GUGUGUUUGC UGGAAAUAAA 840 
UCCJUUGAUCA AACCUUCAUA CAUUUCUUCC 900 
AGACCCACAA AOUCCJUCAUC AGACCUAUCC 960 
CCAUUUUCUU UCAGOAUUUC CCUAGAUAGU 1020 
GUCUUGAAAU CAUAACUUUU UUCCACJUAAG 1080 
OJUAUUCUCC UCCCAAAUGU GGCAUAUGUC 1140 
UUUAAUAUAG AGUCAUUGUU GUGGCAUGOU 1200 
AACAAGUUGA AUUCCCCUAU CUCUAUGUGC 1260 
CCAGUGGCUC UAUAGCUUUU AAAUCCUGAU 1320 
AGCAGUAUUU CUUUGAAACC UUCUAAAUCU 1380 
UCUGAAAAAA GAGGACUAOA CUCAUUUUCA 1440 
AAUAGUUCUA CUGUGC/CAUU AAAUCCAUUU 1500 
CUC7UUGCAGU UUUCCAAACC UUCUAAGCAG 1560 
AUCGUUUCUC UGAUAUCAUC AUCUACAAUC 1620 
GCCJUCUAUGA AAGUUAAAGA A6UCAUAAGC 1680 
UCAGAGUCUG CAGUUUUAOA CAUAUCAGAG 1740 
ACUAGAGAUU UUUGGCUUUC UAUAAUAUCC 1800 
AUCUUUACAA CUAAOUUUAC AUUCUCUAGU 1860 
ACAAUCAUUU UGUUGUCUGU GGUCAUUCOG 1920 
UCUGUGGUUG UUUGAUUUAU UAUGUUCAOJ 1980 
yCUAUACUUU CUCUGUAUGU GUCAAAAAGA 2040 
GUUCCJCAAAG AAACUGCUAC AUCUUGAUCA 2100 
GtlCAUGAUCC CUAUOUUGUA CAUAGUUCCA 2160 
UCAGUUUITUA CAUACTCUUAC AUCCCUUCUU 2220 
CUGUGAGAAC ACAAACCCAU GUUCCACAUC 2280 
UCACUGUUAU GUGAUAGAAU CACAUUUGAC 2340 
At/CUUUUUCA UUUUGUCUUC OAGACUCUGC 240O 
UGCAAUAUUA AAACUAUACJC CUCUCUUGDA 2460 
GAUAUGOAUA CAGCAGUGUC CAGUAUUUUC 2520 
ACAGOUCUGA UAGtJUUUGaC UAAUUUAUAA 2580 
UCUUUACUGU AGAUGGUGGA UAGGAGAGCU 2640 
UUGAACUUAG AAUAGAAGGG AAAGCUUUUC 2700 
CUGUUUUGUG CUGCUAUCAU AUAAUUGCAU 2760 
UUGCUAAAAG CCUCUGUUUC GAAGCUGUCU 2820 
AUGAUUAAAC CUGUUCCAAA CGUGCUUGUU 2880 
AUGUUUUUUA AACCUAAGUU CUCUAUAUAA 2940 
AGUCCCGGAG AGCCUUCAAC AACAGGUAUC 3000 
UAGUUAUCUC UUUUCCUAGA UUCACAAGGG 3060 
CUGAAAUUAA CAUCCUUGAU AACUAGAUUU 3120 
AAAUCAAAUU UUAGCAUUUC UAAGAUUUUC 3180 
ACAGUGGAAG AAAUGUUUAC AAAUGUUCUA 3240 
AGUUUCUCUG UAGAUUGGUU CGAUAACUGG 3300 
AGCUGACUAA GUAAAAAAUC UCUAUCAUUC 3360 
UUUAUCAUUA UGUCAUGGAC AGAUUCCAUU 3420 
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3421 UCUAAGC'JAG AUGCAAUCUU CUUAUAUAAC UCAUCUUCCU CUAAAACAGC AUCCUCGUCU 3480 

3181 AUCUUUAAGU UCUUAGUGCU UUUAUAUAAA UCUUCAUUCU UUUUUAAAUU AGGAUAAAGU 3510 

3541 UUUGAAAAAU CUUUAUAACU UGACAUCUUG UUUAAAGCAU UCUCAUUUALT AAAAUUAGGU 3600 

3SC1 AA-JUVUAUAA UCUSAGWAA CAUAGLX^UGA AAUVUCAUCC CAAUUGUVAG AACSCJOTGAA 366C 

366- rClTJCAGACA CUGAUCCUUU CUCAAACAGA Ut'GAUAAGAA AUA7CAUCUU ITJTAUCUUUV 372C 

3721 'JCUUCCAGA3 UVCZVCVUVC AUACuTUUCU ITJUAGCUCUC 'JCAAUCUCAU CVGUAGAUAA 3780 

3'?3: C'JGGAAGAAG AGACACUAUC CUUUACUUCU UCUAAACUVU UUTOGUUCAA AAAAUCUCCTJ 3840 

39 41 A'JCACAUUGU AAUAGATJGAU irUGAUCAUUU GAUGAUGGAC CUAAUAUAGA CAACGGCUCJ 3900 

3301 AUAGGAGAGG UCAACCAGCC CCCCA-JCUUV GUGGGAAwCU CGUUVGAOTJ 'JAJUCUCACU 3 9 60 

3361 CCAAGCUUGU UAAAAAUUCU AAUACUAUCA WCACUUCAC CAG<SAAGCAC UGAAUAGAUG 4020 

4C21 OJTJAACGC-JU GUACCUGCAC AGCCCCAUAA GCAAAACGUA 'JAACITJCAUU AGGACAGCCJ 408C 

4031 -JUUCUCAGAA GCAUUGCAAC AUGUAUACJG AGUCACAOTA GAUCACCAAA ACJAACCUACJA 4140 

4141 -JGCGAAGAW CUWGCAACA GUUUGCUAAA UGCCUOCAA^T AGAGACGAAC AA'JCGCt'CCA 420C 

4201 UlTJACAAtrjC UUUCAGAUAU AAAOJCUACC UCUGAUGAAG AAGCAUAACU CUITJUUUGGG 426C 

4261 'jyCAAAGUUA UGCAAAAACU UXJUGAAAUGA QCXX'CAAUGC -JVCCAAACAA CAWUCUGGC 432C 

4321 AGAGAUGAGC UUGAAAAGUC UGUCAGCAUU UUAt'CAACCU CUCCACUGGC UA^JAAUGAU 4 380 

4381 GL-JGCAITJAU CAUCAGAGUG CACAAUCCAU OJAGUUUGGA AAUCACAGUU OTITGUAACAi: 4 4 40 

4441 UCCAAAGTJGU UGUGAXJAAGC UU 

GAAUUGC 

AUCAUGUCTO CAGAGUAAUG GUAAAUGGCU AGAUCAUUGC AUAAUVUGUU UAUCJUUUUG 

CAAGUCUC^JA AtTJCAGUCOJ CAGUACUGAA yCUUGAAUGTJ ACAAGCAtTJC AGUAUOTUUA 

GCACAAUUAU 'JGAAAACA3A UGUGAUCUUA CCAUCCUCUA UUAUA'JUAAA AUUAUGAAGU 

AGAAAAAAAG AGCCCJUAAA UCUUUUACCA CsAJAAGCUAU CAUCAUVGUC AUGCCVUAUC 

AGUUUUOTCA -JACGAGUCAG AGAAGACAUG L'CUAUAOTJG AGUAAUCAUC AUtTJGGGUCA 

GCCVGCCUUU CAGAGGUA'JC A'JAmrCCAAG CCUUUAGAGA UCCUtTJCUmJ UAUTJUCUUCU 

•JU;;UUUAGAA WCUUUUCUU AGAACVCAOT CCUAUAOTCA tn;ACUGCUAA GCCUUUAAAA 

UAGGUAGWU UGUVCCCCCU GCa'GUAUCU OTCAUGCAAA ACUCAWUUU GmrjCUGGUU 

AAACACGAAC CXKJGCUUAUU CCAOTCUUCA GACUUUUUUG UUCUCUCAAC UUUGAUACUC 

CCOGUGUWA UAUCUAUUUC AUCUUCAAGU UCCUGCJWU CCAXKTJUCGV UGCAUCACAA 

CWAGOJCUG CVAAACACAG UCUAACUAAG WUGUUAUA^J CUCUUCCVW AWVGUWGG 

OmUlTJAUGC UACUACAUGG GCUAUUAUAA AtJAACCCUUG AAGAACUUUU GAAGCUCtJCC 

CGAAACWGU UAAUAAUUGC GUUGCU<?UAA UCUACCUCCG AGWCAAUUC CACCUUCAAA 

CVGGGGACCA ACrUCAUGGAA AGUUAGUWU AGUUCAGAGA GAUCAUUGAA ACAGUUAGGA 

UACCUUUCUU CAUAUUCAGC AGCAUUCUGG UUAAAAGCUG C7GGUUAUGUC AGG'JAUCUCU 

ixfwCvOTuc ycmjuumjuc ucuaauucua agcaugaucu yc;;CAAGGus otuuccauac 

AGAGAUVCCC AUAUUUGCUG CUUUUGGAUU AAGUGGUCUU UCAAAUCAGC UAAAUCAGCU 

UWGGCUCtTA UOUUUAAAUU GAUACAAGAG UUUUGGUACC CUUtXAAAUUU GVCAGCVAUA 

UGCVGCUCAU UCAUUGmJUC AAUGUGGAAA CAGAAAUOTC CAAACAAAAA AUGUAUUAUU 

UCCVCUCJAO GGAUUUCAUC UGUAACAAGU GAAUCAAOTA UUCUUUCAAU AUCt^CGGAA 

UAGGCUAUCU CAGUAGGAUU UOJUUCUUUG UAUOTGCUGG UCCAGUSACU GAAAAACACA 

•JCUUUAGAUC CAAAAUCAUC ACOJAAGAUU CCUCUGACW CAGAUUUGAU ^JCXJOTGAGUG 

UUUGCAUAAU AGUTOCUCAC CACUGUGGGU GUGGWCCAA CUAOUUGCCC AACAUAAGAA 

ACAUOTAGCA AUUUGGCAUU UWAGCAUGC UUUATOCUUtT CUCCGUGCAA UGCUGAUGGA 

GAAUCUUCGA ACATUCUCCAA AACCXUGCUA CUAGVAACAG UGAOUGGCAU CCCAGCAAUA 

GGtmCAAUA UAACUAUAGA AACGAAAACA GGAUOOJCUU CCAGQMUGG CUmiCCACTUC 

AOnWUAUAU CUUUGAAAGA CTUUCXAAAUA UUOJUCyACG UAUITDCUCCA UUGUIKJGGUO 

UCAGUCCUGG CAUCGACAGA t/AUUUUCCAA UCAUAAAUGil UUAAACAAAG CVCACUG'JUU 

■JUTOAUUCUU UAUAUAUCAC AUASmTAOCA GGGOTGGCAa UAGUOGCUAC AUAUUCUUUA 

•JUUAOTOJCU CAAACUCAUC AUCAGAGAGC UUGtTOlAUGC AGGACUWUU GUUGAOTUCA 

UCCAGAUAOU CUCUUACUCC AUGCUCVAUC UCCACUUCAU UUCUUUGWU GGGCUUUAUU 

CUCAGGOGCC UGGAGAUCAG CUCUCCAAAA AUGUCAUGCC UUGCUAAOTC UGUUUCUAGG 

aAUUUUUGCU CAAACAGAGA GACCAUCUCA CTOAGCUIRJU USACAUCCAC AGUUGCCAUC 

COmUGUUUA GUCCUUCACC AUCAGCAGUG AUUUUGACAA UUAACUCUCJ CAUUGUCUCA 

UAAUUUWUG CAUUAUUAUU UAUAAUCACA UCUUOTGGGA UOTCAUCACU AUUUCUCUUA 

UGUAAAUCCA AAGCUAGAUC GUGGUUAGAA COrACACAAU CCUCAAOAGA CAACAGUAAA 

GUGGUUCCAU WUCUAWAA UUWUGUAOT UUCUGGAUGa OCAUGUUUCC UUAAAAUCGU 

UGUOACCVGA uvGCucu {app.m7500) 
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Figure 7 Construction of expression vector pZU-A 
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Rgure 8 Construction of expression vector pZU-8 
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ngure 9 Construction of TSWV-N protein gene 
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Figure 1 1 Construction of plant transformation vector pTSWV-NAB 
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Figure 12 Construction of plant transformation vector pTSWV-NmutBB 
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Rgure 13 Constnjction of plant transformation vector pTSWV-NsAB 
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